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ABSTRACT: Asphaltenes flocculate as a consequence of changes in the temperature, pressure, or composition. This flocculation
can result in several oil production problems. The application of chemical additives (inhibitors or dispersants) is a well-known
way to control asphaltene flocculation. Ultraviolet−visible (UV−vis) spectroscopy is the most common analytical technique that
has been applied to study the effectiveness of chemical additives in keeping asphaltene particles dispersed into crude oils.
However, this technique requires being performed in diluted solutions, which can interfere significantly in the aggregation
phenomena. The objective of this work was to evaluate the effect of three chemical additives, 4-dodecyl benzenesulfonic acid
(DBSA) and two commercial products (C0 and C1), on the asphaltene aggregation behavior of two Brazilian crude oils, using
near-infrared (NIR)-laser (λ = 1550 nm) scattering measurements. This is a new methodology developed to study the
aggregation kinetics and settling of asphaltenes around its n-heptane flocculation onset. The NIR-laser scattering method offers
the possibility to work with samples at a higher crude oil concentration, being more representative of real systems. The results
obtained were compared to those determined with the traditional UV−vis method (λ = 850 nm) and showed qualitatively similar
trends. Settling measurements suggest that the stabilization provided by the additives can occur by slowing both formation and
growing of asphaltene particles and delaying the phase separation process. DBSA was more effective in keeping the asphaltene
particles dispersed in solution and prevented them from settling at lower concentrations when compared to commercial
products, for both crude oils studied. It was demonstrated that the methodology developed using NIR-laser scattering was more
accurate and sensitive.
1. INTRODUCTION
Asphaltenes are a solubility class of crude oil operationally
defined as the compounds that are insoluble in normal alkanes
with low molecular mass, such as n-pentane and n-heptane, and
soluble in aromatics, such as toluene.1−3 Asphaltenes were
described4,5 as the most polar fraction of crude oils, occurring in
the oil as a colloidal dispersion, peptized in solution by resins and
aromatics. Resins are believed to stabilize the system by
interaction with asphaltene polar sites. This physical concept
changed significantly during the last few decades, and asphaltenes
are now considered to form stable aggregates in the nanometer
range.6 Resin contribution to the stability of these aggregates is
still a matter of discussion. Multiple evidence suggest that resins
are not crucial to stabilize asphaltene nanoaggregates in toluene.6
Ultrafiltration studies also support the idea that asphaltenes
and resins are a continuum, which make it hard to establish a
definite boundary between the heaviest resin and the lightest
asphaltene.6−8
Asphaltenes have a tendency to flocculate from crude oils
because of changes in the temperature, pressure, or composition.
This phenomenon is a source of several problems during oil
production. Flocculated asphaltenes can cause reservoir
plugging, deposit formation that clogs well column and pipelines,
and adversely impacting oil treatment.9 One way to prevent
asphaltene flocculation is the injection of chemical additives:
inhibitors or dispersants. The inhibitors can delay the phase
separation process, while the dispersants can stabilize the
asphaltene particles in the crude oil by reducing the aggregate
growth rate.
It has been shown that some additives favorably interact with
asphaltenes. They can adsorb on the asphaltene surface or small
asphaltene aggregates and, consequently, delay or inhibit the
clustering process. Gonzaĺes andMiddea10 investigated the effect
of different oil-soluble amphiphilic compounds on asphaltene
aggregation in n-heptane and observed that alkylphenol was
effective in peptizing asphaltenes. The authors also showed
that primary aliphatic amines had some ability to disperse
asphaltenes, while long-chain benzene compounds and aliphatic
alcohols had no asphaltene-dispersing capability. Chang and
Fogler11,12 used different alkylbenzene-derived compounds to
investigate both the effectiveness of amphiphilic molecules to
stabilize asphaltenes in aliphatic solvents and the asphaltene−
amphiphile interactions. Asphaltenes were stabilized in alkane
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solutions containing a sufficient amount of amphiphilic
compound, in which alkylbenzenesulfonic acid was the most
effective asphaltene stabilizer. Permsukarome et al.13 studied the
asphaltene dissolution kinetics in surfactant/alkane solutions.
4-Dodecyl benzenesulfonic acid (DBSA), nonylphenol (NP),
and five alkane solvents, ranging from hexane to hexadecane,
were tested. The dissolution rate increased steadily at lower
amphiphile concentrations and reached a plateau at higher sur-
factant concentrations when asphaltenes were completely dis-
solved. Rogel and Leon14 and Leon et al.15 applied ultraviolet−
visible (UV−vis) spectroscopy to evaluate inhibitor adsorption
onto asphaltenes dispersed in n-heptane and concluded that
activity of the asphaltene inhibitors was related to the amount
of adsorbed compound onto the asphaltene surface. Higher
inhibitor concentrations at the asphaltene surface resulted in
higher n-heptane volumes to start asphaltene flocculation.
In the same way, Kraiwattanawong et al.16 investigated the
effect of asphaltene chemical additives with known molecular
structure, 4-dodecyl resorcinol (DR), 4-dodecyl phenol (DP),
DBSA, and commercial blends of several chemical agents, on
asphaltene aggregation, particle growth, and particle settling
using a dynamic turbidity measurement device. Asphaltenes from
Alaska crude oils were evaluated. They observed that, even at
500 ppm, DR, DP, and DBSA were not able to keep asphaltenes
dispersed in solution. However, at the same concentration, the
commercial blends were effective in keeping asphaltene particles
dispersed in solution. Furthermore, Wang et al.17 studied the
effect of the charge of two ionic amphiphiles, DBSA and dodecyl
trimethylammonium bromide (DTAB), as asphaltene stabilizers
for two n-C7 Chinese asphaltenes, presenting different electrical
properties. They stated that the electric property of asphaltenes
plays an important role in the interaction between asphaltenes
and amphiphiles. As expected, negatively charged asphaltenes
tend to be dispersed by cationic amphiphiles, while the positively
charged asphaltenes tend to be dispersed by an anionic surfactant.
Testing another kind of chemicals, Boukherissa et al.18
evaluated the mechanism of asphaltene flocculation inhibition
by ionic liquids in n-heptane/toluene solutions containing
250 ppm of asphaltenes. They carried out UV−vis measurements
to determine the asphaltene flocculation onset. The results
obtained support the idea that the efficiency of inhibitors
depends upon not only the chemical properties of asphaltenes
themselves but also the solvent chemical properties.19 It was
demonstrated that interactions between asphaltenes and ionic
liquids can lead to aggregates with different geometries and com-
plexation energies, which suggest that it is possible to establish
parameters to control the size of asphaltene aggregates. Marugań
et al.20 studied the asphaltene aggregation kinetics near the
flocculation onset using focused-beam laser reflectance measure-
ments. Three commercial additives were evaluated to assess their
efficiency on the stability of one selected crude oil, at con-
centrations ranging from 50 to 200 ppm. It was found that the
inhibition effect of chemical additives shifted the amount of
n-heptane to reach asphaltene onset to higher values, stabilizing
the asphaltene nanoparticles toward aggregation. However, once
the onset was achieved, the growth kinetics of asphaltene
particles were not modified. Lima et al.21 assessed the efficiency
of polycardanol with different molar masses and sulfonated
polystyrene with various degrees of sulfonation on the stability of
asphaltene dispersion through simple precipitation tests and
absorbance measurements of the supernatant using an UV−vis
spectrometer. The studied polymers showed flocculation and
dispersion effects depending uponmolar mass and concentration
added. The polymer effects on asphaltene flocculation and
dispersion are related to the content of polar groups in solution.
Hashmi et al.22 reported settling measurements for a system of
colloidal asphaltene particles suspended in n-heptane in the
presence of a small amount of dispersants into centrifuge tubes.
The addition of commercial dispersants to asphaltene and
n-heptane solutions can strongly delay the asphaltene onset and
reduces settling rates. Despite that, the additives still allow for the
formation of asphaltene particles in a colloidal scale. This
suggests that appropriate dispersants may be used to delay
intermediate stages of flocculation, such as particle aggregation,
avoiding the column clogging during the production process.
Mansur et al.23 studied the variation in size of asphaltene particles
as a function of a dispersant addition. The efficiency of the
additives as asphaltene dispersants (4-n-octyl-benzoic acid and
linear alkyl benzenesulfonic acid, between 10 and 13 carbon
atoms, at a concentration of 0.5%, w/v) was evaluated by the
asphaltene precipitation onset test, using an UV−vis spectropho-
tometer. They found that 4-n-octyl-benzoic acid and linear alkyl
benzenesulfonic acid shifted the onset value without inhibitor to
higher n-heptane/toluene ratios, evidencing the capacity of
additives to promote stability of asphaltene particles. However,
adding linear alkyl benzenesulfonic acid, no onset of asphaltene
flocculation was observed.
In most of these papers, techniques involving optical density
measurements are used to study the effectiveness of chemical
additives in keeping asphaltene particles dispersed in crude oils.
However, because of the low optical density of asphaltenes, the
common analytical techniques employ asphaltene−toluene
solutions or solvent-diluted crude oils. The use of diluted
solution greatly simplifies the process because the amount of
asphaltenes in contact with the additive is very small.
Several optical techniques have been employed to evaluate
asphaltene dispersions, with most of them based on measure-
ments of light scattering.20 In these techniques,24 the sample is
irradiated with a beam of electromagnetic radiation having a
given wavelength and the quantity of light that passes through
the sample is determined by a detector aligned with the incident
beam. As a result of the interaction between the incident radia-
tion with themolecules and particles in solution, a lower intensity
of light reaches the detector. The phenomena that take place in
this process are the molecular absorption and light scattering
by small particles.24,25 In general, the transmitted radiation inten-
sity that arrives to the detector corresponds to the difference be-
tween the incident radiation intensity and the sum of the
intensity of the light scattered by the particles and the intensity of
the light absorbed by species in solution.
This study proposes a new methodology to assess the
asphaltene aggregation kinetics induced by n-heptane addition,
to values about 25% above its onset, applying near-infrared
(NIR)-laser (λ = 1550 nm) light scattering measurements. This
technique was applied to determine the effect of three chemical
additives (DBSA and two commercial products) on asphaltene
aggregation of two Brazilian crude oils. The results obtained were


















OP1 0.3 2.7 0.8836 28.6 268
OP2 2.5 1.3 0.8864 28.1 266
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compared to those collected with the traditional UV−vis method
(λ = 850 nm). The NIR-laser light scattering method offers the
possibility to work with samples at higher crude oil concen-
trations, being more representative of real systems.
2. EXPERIMENTAL SECTION
2.1. Material. Two Brazilian crude oils were used in this work,
named OP1 and OP2 crude oils. The properties of both crude oils are
summarized in Table 1. Asphaltene contents were determined by the
IP-143 method,1 and the densities of the oils were measured using a
densitometer (Anton-Paar DMA 4500) at 20 °C. The chemical DBSA
was tested as an asphaltene stabilizer. DBSA, reagent grade (70 wt %
solution in isopropyl alcohol), obtained from Sigma-Aldrich, and two
commercial products (C0, 1−5% organic sulfonic acid and 1−5% fatty
amine condensate; C1, polymer dissolved in hydrocarbonic solvent)
were used as additives. n-Heptane, reagent grade (99% pure), was
acquired from Panreac.
2.2. Experimental Setup. Figure 1 presents a simplified scheme of
the experimental setup used in this study. The efficiency of the additives
as asphaltene dispersants or inhibitors was assessed through asphaltene
aggregation kinetic tests, performed by inducing asphaltene precip-
itation in crude oils with n-heptane addition (25% higher than their
onset values), and using a NIR laser (λ = 1550 nm) obtained from
Thorlabs (Germany) to determine the sedimentation curves of the
formed asphaltene particles. Flocculation onset values were determined,
for both crude oils evaluated, with the NIR light transmittance apparatus
at the wavelength of 1550 nm. A 3 mL quartz cuvette (10.00 mm)
containing 1 g of crude oil at room temperature was used. Samples were
Figure 2. Effect of DBSA on the kinetics of asphaltene aggregation up to the onset n-C7/oil ratio: (a) crude oil OP1 and (b) crude oil OP2. The
experiment was carried out using NIR-laser (λ = 1550 nm) light scattering.
Figure 1. Experimental setup of theNIR-laser (λ= 1550 nm) light scattering
system: (1) fiber collimator (λ = 700−1800 nm), (2) germanium detector,
(3) optical power and energy meter, (4) 3 mL cuvette (OS, 10.00 mm) and
magnetic bar, (5) fiber optic cable, (6) laser diode controller, (7) thermo-
electric temperature controller, and (8) laser diode mount.
Table 2. Concentrations of Crude Oils and Asphaltenes
in the Mixture of Crude Oil/n-Heptane/Additive Analyzed
by NIR-Laser (λ = 1550 nm) Light Scattering
sample crude oil (%, v/v) asphaltene (%, w/v)
OP1 25 0.067
OP2 41 0.910
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titrated with n-heptane using a micropipette at volumetric steps of
0.1 mL g−1 of oil.20 Because of the kinetics effects involved with
asphaltene flocculation,26 45 and 15 min of stabilization time between
injections were required for OP1 and OP2 crude oils, respectively.
Flocculation onset was defined as the n-heptane volume used to obtain
the maximum value of the laser power transmittance.
The apparatus is a homemade solid detection system (SDS) and
consists of a laser power source (8) maintained at 25 °C (7), a fiber optic
cable (5), bundled to a fiber collimator (1) that carries the laser light into
the quartz cuvette (4) containing 1.5 mL of the mixture crude oil/n-
heptane/additive, a germanium light detector (2) that collects the
received laser light that crosses the cuvette, and a optical power meter
(3) that measures the amount of light received.
To induce asphaltene precipitation, n-heptane was added at a
constant flow rate of 0.1 mL min−1, using a precision piston buret
obtained from TITRONIC Universal (Mainz, Germany). The rate of
n-heptane addition was selected considering previous results26−28 that
demonstrate the dependence of the flocculation process by the
precipitant addition rate; lower addition rates result in lower onset
values.27 The system was vigorously stirred for 10 min using a magnetic
stirrer. The experiments were carried out under ambient conditions, and
the transmittance signal through the cell was monitored as a function
of time for 2 h (7200 s). Data acquisition was initiated right after
the stirring process, i.e., 10 min after n-C7 addition. Initially, the entire
cuvette was dark, and transmittance presents a low value. As asphaltene
particles settle down, the upper portion of the solution became clearer
and more light was transmitted. In the case of well-dispersed asphaltenes,
because of the use of an effective additive, small particles with low
sedimentation velocity were formed, the transmitted light was constant,
and the transmittance signal remained in a low value.
Concentrations of chemical additives between 0 and 2.5% (v/v) of
the total solution volume were tested. Additives were used as provided
and were mixed with crude oils immediately before n-heptane addition.
For comparison of the obtained results by a NIR laser, an Agilent
Technologies 8453 UV−vis spectrophotometer set at λ = 850 nm and
with a 10.00 ± 0.01 mm path length quartz cuvette was used and tests
were carried out following a previously reported procedure.21 At shorter
wavelengths than 850 nm, the absorption intensity values are very high
or show deviations from the Lambert−Beer law.21,23,29 All spectra were
collected at ambient conditions. In this case, stock solutions containing
1% (w/v) crude oil in n-C7 solutions were evaluated (0.1 g of crude oil in
10 mL of n-heptane).21 The precipitant was gradually added at a rate of
1 mL min−1;21 then the mixture was stirred for 10 min using a magnetic
stirrer; and the absorbance measurement was carried out for 2 h (7200 s).
3. RESULTS AND DISCUSSION
The effects of chemical additives on asphaltene aggregation in
dead Brazilian oils using n-heptane as the precipitant were
verified by two optical methods to measure the sedimenta-
tion curves of the formed particles: NIR-laser scattering (λ =
1550 nm) and UV−vis absorbance measurements (λ = 850 nm).
To analyze the obtained curves with or without additives, the
Stokes law for sedimentation velocity30,31 was considered
Figure 3. Effect of the commercial product C0 on the kinetics of asphaltene aggregation up to the onset n-C7/oil ratio: (a) crude oil OP1 and (b) crude
oil OP2. The experiment was carried out using NIR-laser (λ = 1550 nm) light scattering.
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where dp is the particle diameter, μ is the viscosity of the fluid,
ρp is the density of the particle, and ρ is the density of the fluid.
According to eq 1, the sedimentation velocity should be a
function of both the asphaltene particle size and density because
the properties of the medium can be considered practically
constant as a result of the low additive concentration. Thus, for
systems that present both low light transmittance and sedi-
mentation velocity, the additive should allow for the asphaltene
particle formation but inhibits the particle growth or somehow
produces large particles with a high content of oil in it.
3.1. Determination of Asphaltene Particle Sedimenta-
tion Curves by NIR-Laser (λ = 1550 nm) Light Scattering
Measurements. The compositions of crude oils OP1 and OP2
in n-heptane or n-heptane/additive solutions used in the experi-
ments are listed in Table 2. The sedimentation curves obtained in
these experiments are presented in Figures 2−4. It is important
to point out that up to 25% of n-heptane in excess of the onset
value was added to the oils to have a significant amount of
flocculated asphaltenes in the system.
In general, for samples with additive concentrations lower than
0.5%, the sedimentation curves show an initial pattern in the
transmitted signal as a rsult of the particle formation and growth.
When particles with comparable size or even larger to the
wavelength of the incident beam are formed, the light is
effectively scattered and the signal falls within the first 2000 s, for
both crude oils evaluated. Once the macroscopic asphaltene
precipitation finished (nucleation and particle growth), the
sedimentation process becomes important, which is represented
in the sedimentation curves as a fast increase of the laser signal.
The slope of the plot can be used as an indication of the additive
efficiency as asphaltene dispersants or inhibitors. Finally, a con-
stant value of the signal is achieved at different times depending
upon the sample composition, indicating the end of the sedi-
mentation process. A lower final signal value represents that
small asphaltene particles still remain in solution. Larger values of
light measured were observed for OP1 because the asphaltene
content in this oil is smaller than for OP2 (see Table 1).
Asphaltene precipitation of OP1 crude oil without a chemical
additive begins at 1000 s after the start of data acquisition.
However, for the OP2 crude oil, the phase separation can be
noticed at the beginning of the experiment. Furthermore, the
particle sedimentation observed for crude oil OP1 was slower
than OP2, and it can be observed at 2000 s after the start of
recording and a constant value of the recorded signal is achieved
around 6000 s, while that for OP2, the sedimentation of the solid
formed finished at 4000 s, approximately. Because the densities
of both evaluated crude oils are quite similar (Table 1), the
Figure 4. Effect of the commercial product C1 on the kinetics of asphaltene aggregation up to the onset n-C7/oil ratio: (a) crude oil OP1 and (b) crude
oil OP2. The experiment was carried out using NIR-laser (λ = 1550 nm) light scattering.
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different sedimentation behavior observed is related to the
amount of solids present in the sample and the size of the
asphaltene aggregates. Additionally, the results indicate that, for
oil OP2, larger particles that grow faster are formed and, as a
consequence, a higher precipitation rate was observed.
It is also possible to observe that, at low DBSA concentrations
(0.1%), the precipitation time was shorter and the sedimentation
process begins and ends in short times if compared to samples
without DBSA. In fact, the transmittance of the laser is reduced
because a portion of the precipitated particles remains dispersed
in solution; i.e., at low concentrations (0.1 and 0.5%, w/w),
DBSA acts as an asphaltene dispersant by preventing the growth
and settling of the aggregates.
At DBSA concentration of 1%, OP1 crude oil showed a low
sedimentation rate and a low value of transmitted light at the
end of the sedimentation process. This happens after 4000 s
(Figure 2a). The absolute value laser intensity detected after
4000 s indicates the formation of a high amount of small particles
that are kept dispersed in solution. On the other hand, OP2 crude
oil presented, at the same DBSA concentration, a clear phase
separation and the end of the precipitation process was achieved
very fast, after approximately 600 s (Figure 2b), as a result
of the higher amount of asphaltene presented for this crude
oil (2.5%, w/w).
Finally, at 2.5% (v/v) DBSA not only OP1 but also OP2 crude
oils showed that the mean transmittance remained unchanged;
no difference in the slope in the measured light power was
observed during the experiment, and the signals was close to
zero. This fact indicates that, although a phase separation
happened, which can be verified by the darker circles presented
on the Oliensis spot tests (Figure 5a), the particles were too small
to settle during the experimental time spam, and therefore, it was
kept dispersed in solution.
However, it is important to notice that, although DBSA has
shown a similar impact on asphaltene aggregation kinetics in
both crude oils, the DBSA/asphaltene mass ratio was higher for
OP1 crude oil (Table 2).
The efficiency of the two commercial inhibitors, C0 and C1,
are presented in Figures 3 and 4, respectively. At a concentration
of 0.1% (v/v) C0, the settling of the precipitated asphaltenes
started and finished before the time observed for the test
performed with OP1 crude oil without additive. Besides, the
minimum signal value was 280 μW, higher than 220 μW for the
crude oil in the absence of C0, indicating that a lower amount of
asphatene precipitates at this condition. Moreover, the value of
the measured light power reaches higher values than the oil
without C0 (approximately 800 μW), indicating that, at this con-
centration of additive, a large amount of precipitated asphaltenes
had settled. However, this commercial product, at the tested
conditions, has no effect on the size of the aggregates formed, i.e.,
the inhibitor fails to prevent the growing of the small nucleus
formed, and larger aggregates are observed. For concentrations
of C0 equal or higher than 1% (v/v), a small slope in the
sedimentation curve and the value of the transmitted light
indicates a slow phase separation and the formation of a low
number of small particles.
Figure 5.Oliensis spot tests for the final solutions resulting fromNIR-laser (λ = 1550 nm) light scatteringmeasurements: (a) crude oil OP2 +DBSA, (b)
crude oil OP1 + C1, and (c) crude oil OP2 + C1.
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Similar results were obtained by adding the commercial prod-
uct C0 to OP2 crude oil (Figure 3b). Nevertheless, a slightly
different behavior was observed when higher concentrations of
C0 were added to this sample. Specifically, at 2.5% (v/v), the
curve for crude oil OP2 showed an initial plateau of more than
5000 s, with the absolute intensity of the laser remaining con-
stant. Consequently, the aggregation kinetics at this condition
was much slower.
The results obtained for OP1 (Figure 4a) and OP2 (Figure 4b)
with inhibitor C1 showed similar behaviors observed when
inhibitor C0 (panels a and b of Figure 3) was added to these
samples. A long time for sedimentation because of slower
aggregation kinetics was verified. Panels b and c of Figure 5 show
that asphaltene flocculation happened even when high
concentrations of C1 were added. C1 had some efficiency with
OP2, even at 0.1% (v/v) concentration.
3.2. Determination of Asphaltene Particle Sedimenta-
tion Curves byMeasuring the Light Absorption at 850 nm.
The influence of additives on the asphaltene aggregation kinetics
was also studied in 1% (w/v) OP1 and OP2 crude oils in
n-heptane solutions, and the obtained results are presented in
Figures 6−8.
Crude oil results without an additive show that, initially, as the
UV cell was entirely dark, the light absorbance at 850 nm was
high. Once asphaltenes start to settle, the upper portion of the
solution became clearer and less light is absorbed. The mea-
sured absorbance decreases until the sedimentation process
finishes, and after that, the absorbance value remains practically
constant. Obviously, the final signal is not close to zero because
there are compounds present in the system that absorb light
at 850 nm.
The amount of asphaltenes present in these analysis is lower
than that in the laser light scatter at 1500 nm, as observed in
Table 3. Therefore, the effect of additives used in the two
experiments was not obvious to be compared. In general, the
absorbed light of samples containing additives was constant
and remained below the value obtained when no additives were
used.
Small differences between DBSA and commercial products C0
and C1 were noticed. The system OP1 crude oil and DBSA
Figure 6. Effect of DBSA on the kinetics of asphaltene aggregation up to the onset n-C7/oil ratio: (a) crude oil OP1 and (b) crude oil OP2. The
experiment was carried out using UV−vis (λ = 850 nm).
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(Figure 6a) showed higher absorbance than the oil added with
the inhibitors C0 and C1 (Figures 7a and 8a), respectively. It
suggests that, with DBSA, there were more solids in solution
but the particles were smaller. However, between C0 and C1,
there are not remarkable differences in the efficiency. The only
noticed difference was that C1 was more efficient with OP2 at
0.5% (v/v) if compared to OP1 at the same concentration. For
oil OP2, an unexpected increase of absorbance with time for
high additive concentrations was observed, as observed in
Figures 6b, 7b, and 8b.
In general, it was observed that absorbance increased as the
DBSA concentration was increased, for both crude oils,
suggesting that smaller particles were kept dispersed in solution.
On the other hand, a different behavior was noticed with
commercial inhibitors; i.e., higher concentrations resulted in
lower absorbance and, hence, a lower amount of particles in
solution. This confirms that DBSA is a dispersant, whereas
commercial products act as inhibitors, delaying the precipitation
process.
Another important observation was that, as previously
reported, there is no universal compound that can be efficient
for all crude oils. The efficiency of additives depends upon the
chemical properties of the crude oils. For example, the additives
evaluated in this work were more effective to inhibit asphaltene
precipitation in crude oil OP2.
It has to be emphasized that these results correspond to those
of a solid precipitation induced using an alkane (n-C7). However,
it does not correspond to the phenomenon that happens at
the reservoir or inside the production column, in which
precipitation occurs as a result of pressure reduction and/or
temperature changes. The evaluation of additive efficiency at
reservoir conditions, i.e., high pressure and high temperature, can
be performed using the NIR-laser (λ = 1550 nm) scattering
technique.
Figure 7. Effect of the commercial product C0 on the kinetics of asphaltene aggregation up to the onset n-C7/oil ratio: (a) crude oil OP1 and (b) crude
oil OP2. The experiment was carried out using UV−vis (λ = 850 nm).
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4. CONCLUSION
DBSA was more effective in keeping the asphaltene particles
dispersed in solution and prevented them from settling at lower
concentrations when compared to the commercial products for
both crude oils studied. Nevertheless, this additive was unable to
inhibit the phase separation process at concentrations lower than
1.0% (v/v). The observed stabilization could be associated with
the effectiveness of the additive in keeping the asphaltenes
dispersed in the solution (prevent their growth from forming
bigger aggregates). On the other hand, commercial products, C0
and C1, kinetically inhibited the phase separation process of
asphaltenes at high concentrations (≥1%). This stabilization
could be associated with the efficiency of the products in delaying
the asphaltene precipitation no more than 2 h, but it seems that
they do not exhibit any action on the size of the particles formed.
However, other techniques are required to better understand the
real mechanism of these chemical additives.
It has been shown that NIR-laser (λ = 1550 nm) light
scattering was suitable to measure asphaltene flocculation with
higher optical density (25 wt % of OP1 and 41 wt % of OP2) than
Figure 8. Effect of the commercial product C1 on the kinetics of asphaltene aggregation up to the onset n-C7/oil ratio: (a) crude oil OP1 and (b) crude
oil OP2. The experiment was carried out using UV−vis (λ = 850 nm).
Table 3. Concentration of Crude Oils and Asphaltenes in
the Mixture of Crude Oil/n-Heptane/Additive Analyzed by
UV−Vis (λ = 850 nm) Spectrometry
sample crude oil (%, w/v) asphaltene (%, w/v)
OP1 1 0.003
OP2 1 0.025
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the UV−vis (λ = 850 nm, only 1 wt % of crude oil) method,
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